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ABSTRACT

Background No randomized trial of intracranial
aneurysm coiling has compared long-term efficacy of
polymer-modified coils to bare metal coils (BMCs). We
report 5-year results comparing Matrix’ coils to BMCs.
The primary objective was to compare the rates of target
aneurysm recurrence (TAR) at 12 months. Secondary
objectives included angiographic outcomes at TAR or 12
months and TAR at 5 years.

Methods A total of 626 patients were randomized

to BMCs or Matrix’ coils. Detailed methods and 1-year
results have been published previously.

Results Of 580 patients eligible for 5-year follow-up,
431 (74.3%) completed follow-up or reached TAR.
Matrix? coils were non-inferior to BMCs (P=0.8) but did
not confer any benefit. Core lab reported post-treatment
residual aneurysm filling (Raymond Ill) correlated with
TAR (P<0.0001) and with aneurysm hemorrhage after
treatment (P<0.008). Repeat aneurysmal hemorrhage
after treatment, but before hospital discharge, occurred
in three patients treated for acutely ruptured aneurysms.
Additionally, two patients treated for unruptured
aneurysms experienced a first hemorrhage during follow-
up. All five hemorrhages resulted from aneurysms with
Raymond IIl residual aneurysm filling persisting after
initial treatment. After 5 years follow-up, 2/626 (0.3%)
patients are known to have had target aneurysm rupture
following hospital discharge. The annualized rate of
delayed hemorrhage after coiling was 2/398/5=0.001
(0.1%) per year for unruptured aneurysms and 0 for
ruptured aneurysms.

Conclusions After 5 years Matrix’ coils were non-
inferior to BMCs but no benefit was demonstrated.
Post-treatment residual angiographic aneurysm filling
(Raymond IlI) is strongly associated with TAR (P<0.0001)
and post-treatment aneurysmal hemorrhage (P=0.008).
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BACKGROUND

The Matrix and Platinum Science Trial (MAPS Trial)
was initiated with two objectives. First, this non-
inferiority trial was designed to compare results of
polymer-modified coils (specifically Matrix* coils)
versus bare metal coils (BMCs) in the treatment
of intracranial aneurysms. Second, the trial was

" Aquilla S Turk, ™ for the MAPS Investigators

intended to examine the correlation between the
initial post-treatment angiographic results according
to the modified Raymond Scale' and clinical
failure. Clinical failure was defined as ‘target aneu-
rysm recurrence’ (TAR). TAR, a composite clinical
endpoint, was said to have occurred if any of the
following events were observed: (1) target aneu-
rysm rupture after treatment (first or recurrent), (2)
sudden unexplained death, or (3) target aneurysm
retreatment. Composite clinical endpoints are a
well-accepted standard in other domains of health-
care, for example, in cardiology where the acronym
MACE is understood as major adverse cardiovas-
cular event and generally accepted as time to either
cardiovascular death or reinfarction or target vessel
revascularization for ischemia or stroke, which-
ever occurs first.” Whereas previous randomized
trials have compared BMCs to polymer-modified
coils,' *” none have included follow-up beyond 2
years.

METHODS

The trial is registered at ClinicalTrials.gov, Identi-
fier: NCT00396981. Details regarding the mate-
rials and methods were published in 2014 along
with the findings after 1year of follow-up.® Briefly,
this multicenter trial randomized 626 patients
undergoing endovascular treatment at 47 centers,
30 US and 17 international, for an intracranial aneu-
rysm to either BMCs or to biopolymer-modified
coils (Matrix?). Both ruptured and unruptured
aneurysms were included in the trial. Neuroform
stents were allowed at the discretion of the oper-
ator.” Clinical and imaging follow-up were obtained
lyear after treatment, and clinical follow-up
continued until study subjects completed 5 years
(1915 days) of follow-up. The primary outcome
was TAR at lyear. Secondary outcomes included
neurological assessments at 12month and TAR at
2, 3 and 5 years. Imaging outcomes were based on
blinded independent core lab readings (UCSF Core
Lab). Core lab adjudication was available for 488
patients. Imaging follow-up beyond the first year
was not required as part of the study.
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Figure 1 Kaplan—Meier analysis of time to target aneurysm
recurrence (TAR). There is no significant difference in time to TAR (upper
one-sided 95% Cl=4.4%, P=0.8) in comparing outcomes of bare metal
coils (BMC) and Matrix? coils.

Cross-group comparison of categorical data was evaluated
using Chi-squared tests and Fisher’s exact test. Time-to-event
outcomes were summarized with Kaplan—-Meier estimates, and
confidence intervals computed with Greenwood’s formula.
Logistic regression was performed to evaluate the relationship
between baseline/post-procedure characteristics and long-term
outcome. Variables were selected based on clinical importance.
P values were unadjusted for multiplicity. The analysis output
was generated using SAS software (SAS Institute Inc., Cary, NC,
USA.).

RESULTS

Overall, 626 patients were enrolled in the trial (online supple-
mental table 1). After 5years of follow-up there were 46 non-
TAR related deaths and 149 patients were lost to follow-up or
withdrew from the study leaving 431 patients with completed
S-year follow-up. The median follow-up was 4.8 years for both
the BMC and the Matrix® groups. Total follow-up in patient
years was 2170.6 with 1084.8 and 1085.8 in BMC and Matrix®
respectively. There was no difference between the two treatment
arms with respect to the number of deaths or loss to follow-up.
Considering ruptured versus unruptured aneurysms, there were
790.4 patient years of follow-up for 228 patients with ruptured
aneurysms and 1515.9 years of patient follow-up for 398
patients with unruptured aneurysms.

Tar in BMC versus Matrix

With 5 years of follow-up in all available patients the primary
outcome of TAR was observed in 46 (14.4%) and 44 (14.1%) of
the BMC and Matrix” patients, respectively (figure 1 and online
supplemental table 2, P=0.9, Fisher’s exact test). Figure 1 high-
lights the TAR-free survival rate. In raw percentages (online
supplemental table 2), ruptures of the target aneurysm ruptured
after treatment in 3/315 (1%) BMC and in 2/311 (0.6%) Matrix>
patients. Retreatment, in the absence of rupture after initial treat-
ment, occurred in 42/315 (13.3%) BMC and 40/311 (12.9%)
Matrix? patients, while sudden unexplained death occurred
in 1/315 (0.3%) BMC and 2/311 (0.6%) Matrix” patients. No
comparisons between BMC and Matrix” in the subcomponents
of TAR reached statistical significance. Similarly, there was no
difference in TAR between the BMC and Matrix? groups for the
subgroup of patients treated with stents in addition to coiling.

Tar versus angiographic results
For all patients combined (BMC and Matrix®) the correlation
between the core lab adjudicated immediate post-treatment

Table 1 Contingency table between 5-year target aneurysm
recurrence and modified Raymond Scale

Modified Raymond Scale

(core lab post-procedure) 1915-day TAR P value*
Raymond | 10.2% (18/176) <0.0001
Raymond Il 8.6% (11/128)

Raymond Il 25.5% (47/184)

*Chi-squared across three groups.
TAR, target aneurysm recurrence.

angiographic results and TAR was highly statistically significant
(table 1).

When considering the two treatment groups separately, this
correlation was not statistically significant for the BMC patients
(P=0.3) but was significant for the Matrix* patients (P<0.001)
(table 2).

While there was no difference in the TAR rate between the
BMC and Matrix” groups, and for all patients combined the
initial core lab adjudicated occlusion scores were predictive of
TAR, the initial Raymond score was more strongly predictive of
future TAR in the Matrix® group than in the BMC group. This
finding appears to be driven by the lower number of Matrix?
patients going on to have a TAR event if their initial adjudicated
Raymond occlusion score was Raymond I or II, a statistically
significant difference noted on post hoc analysis (P=0.02, Chi-
squared Raymond I and II vs Raymond III). The rate of TAR
seen at follow-up in patients with immediate post-treatment
Raymond grade I adjudicated occlusion was 5.7% in the Matrix?
treated patients versus 14.6% for the BMC patients (P=0.05),
at the borderline of statistical significance. In other words,
Matrix*-treated patients whose initial angiographic occlusion
score was Raymond grade I or II had lower rates of TAR than did
Raymond I or II patients treated with BMCs. Conversely, among
patients whose initial degree of occlusion was Raymond III, the
more frequent occurrence of TAR in the Matrix” group did not
reach statistical significance (P=0.1, Chi-squared Raymond I
and II vs Raymond III).

Aneurysm hemorrhage after treatment

Of the 626 aneurysms treated, 228 aneurysms were acutely
ruptured prior to randomization and the remaining 398 had
not previously ruptured. Three of the 228 (1.3%) patients
presenting with ruptured aneurysms experienced re-hemorrhage
in the peri-operative period, that is, after coiling but prior to
discharge from hospital (online supplemental table 3). All three
of these patients had Raymond III residual aneurysm filling after
their initial treatment. After 5 years of follow-up, no additional
patients presenting with a ruptured aneurysm are known to have
suffered recurrent aneurysmal hemorrhage.

After 5 years of follow-up, two of the 398 patients originally
presenting with unruptured aneurysms are known to have had
target aneurysm rupture (online supplemental table 3). Both of
these patients had large aneurysms (>10 mm), both had core lab
adjudicated Raymond III residual aneurysm filling at completion
of treatment and both showed aneurysm coil compaction plus
aneurysm growth at the representation with hemorrhage. The
hemorrhages occurred 344 and 541 days after the initial treat-
ment. For the MAPS trial the annualized rate of known delayed
rehemorrhage after coiling was 2 patient-hemorrhages/1515.9
patient-years of follow-up=0.0013 (0.13%) per year for unrup-
tured aneurysms and 0 for previously ruptured aneurysms.
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Table 2 Contingency table between 5-year target aneurysm recurrence and modified Raymond Scale by coil type

Raymond Scale

(core lab post-procedure) BMC 1915-day TAR P value Matrix? 1915-day TAR P value
Raymond | 14.6% (13/89) 0.3* 5.7% (5/87) <0.0001*
Raymond II 11.8% (8/68) 5.0% (3/60)

Raymond III 20.4% (19/93) 30.8% (28/91)

Raymond | 14.6% (13/89) 5.7% (5/87) 0.08t
Raymond Il 11.8% (8/68) 5.0% (3/60) 0.2t
Raymond Il 20.4% (19/93) 30.8% (28/91) 0.13t

*Chi-squared across three groups (Raymond I, Il and IIl combined, BMC vs Matrix?).

tFisher's exact Chi-squared comparing BMC to Matrix? within each Raymond group separately (ie, comparison across horizontal rows).

BMC, bare metal coil; TAR, target aneurysm recurrence.

While not part of the predetermined endpoints, it is none-
theless noteworthy that all hemorrhages occurring after treat-
ment involved patients with residual aneurysm filling, that is,
Raymond III. The correlation of post-treatment subarachnoid
hemorrhage with Raymond III filling versu. combined Raymond
I or IT occlusion scores is highly statistically significant (P=0.008,
logistic regression).

TAR predictors by logistic regression

Logistic regression showed statistically significant predictors of
TAR included, in decreasing order of odds of TAR: aneurysm
size (>10mm), rupture status, core lab adjudicated Raymond
score (Il vs I) and aneurysm neck size (>4 mm) (table 3).

Rupture status and correlation of TAR with post-procedure
Raymond Scale

As noted above in the logistic regression analysis, rupture status is
highly correlated with retreatment and therefore TAR. As shown
in table 4, immediate post-procedure modified Raymond Scale
score of I1I is predictive of TAR regardless of rupture status, but
unsurprisingly is more powerfully correlated with TAR in the
ruptured cohort. Almost half the patients with ruptured aneu-
rysms and Raymond III initial occlusion went on to retreatment
as compared with less than one-fifth of the Raymond III patients
in the unruptured cohort. This is even more important when it is
noted that immediate post-procedure Raymond III scores were
seen in only 23.4% of the ruptured patients but in 45.3% of the
unruptured patients. In other words, Raymond IIT occlusion was
much more often accepted as an initial treatment result in the
unruptured aneurysms but did not lead to more frequent retreat-
ment at follow-up.

Table 3 1915-Day target aneurysm recurrence predictors by
multivariate logistic regression intent-to-treat, all patients

Multivariate — overall (n=626) variable OR (95%Cl) P value
Dome size (>10mm vs <10 mm) 6.3(2.9t013.9) <0.0001
Rupture status 4.0(2.2t07.4) <0.0001
(ruptured vs unruptured)

Raymond Scale 3 vs 1 3.6 (1.8t06.9) 0.0002
(core lab post-procedure)

Neck size 24(1.4t04.3) 0.003
(=4mm vs <4mm)

Raymond Scale 2 vs 1 0.9 (0.4 to 2.0) 0.8

(core lab post-procedure)
Cl, confidence interval; OR, odds ratio; TAR, target aneurysm recurrence.

Timing of TAR

The majority of TAR events were asymptomatic retreatments
and took place within the first 2 years after treatment. No
hemorrhages occurred after the second year. Follow-up imaging
was required as part of the study at 1year but not thereafter.
No patient suffered aneurysmal hemorrhage after year 2. Only
4 (0.6%) retreatments took place between years 2 and 3 (online
supplemental table 4) and even though 40.8% of patients had
follow-up imaging after year 3, none were retreated.

Geography of TAR

As previously reported,’” TAR rates after the first year were
noted to be higher outside of North America, driven by higher
rates of asymptomatic retreatment in North America as opposed
to elsewhere. By the end of the second year, however, this differ-
ence was no longer statistically significant, with retreatment rates
of 11.1% in North America versus 13.1% elsewhere, suggesting
that retreatment happens later outside of North America, but at
a similar rate per patient treated.

DISCUSSION

BMC versus Matrix*

Very few randomized trials of aneurysm coiling have been
published that track patient outcomes beyond 18 months. ISAT
and BRAT are the exceptions.'' > While the Matrix* coil was
shown by the primary outcome of this trial to be non-inferior
after 5 years of follow-up, no benefit was demonstrated. As
noted at the year 1 follow-up, aneurysms initially well occluded
had a lower TAR rate with the Matrix® coils, whereas there
was a balancing trend towards a higher TAR rate for Matrix*
patients that had an initial post-treatment Raymond score of
I11.* This may be due to a ‘threshold’ effect where the poten-
tial benefit of the Matrix* coating is gained only if there is an
initial stable occlusion of the aneurysm, or it could be a chance
finding.

Despite the past failure of multiple trials to show clinical
benefit from coils combined with active polymers, the concept
remains attractive. Indeed, a meta-analysis has demonstrated an
increased rate of complete angiographic occlusion at mid-term
follow-up, as well as decreased Raymond III residual aneu-
rysm filling in the subgroup of patients treated with hydrogel-
coated coils.” Similarly, the recently published German—French
Randomized Endovascular Aneurysm Trial (GREAT) has
suggested that second-generation hydrogel coils may reduce the
rate of unfavorable outcome events'* and the final results of the
HEAT trial®® also suggested a benefit to hydrogel coating.
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Table 4 Correlation of target aneurysm recurrence with Raymond Scale: ruptured versus unruptured aneurysms

Ruptured 1915-day

Unruptured 1915-day

Modified Raymond Scale (core lab post-procedure) TAR P value* TAR P value*
Raymond | 13.3% (11/83) <0.0001 7.5% (7/93) 0.004
Raymond II 10.4% (5/48) 7.5% (6/80)

Raymond Il 48.8% (20/41) 18.9% (27/143)

*Fisher exact test of Raymond | and Il vs Raymond Il for treatment arm.
TAR, target aneurysm recurrence.

Immediate post-treatment Raymond score predicts TAR and
aneurysmal hemorrhage

The statistically highly significant correlation observed in MAPS
between the core lab adjudicated initial Raymond grade of occlu-
sion and the long-term retreatment and re-hemorrhage rates has
not been previously demonstrated in a multicenter randomized
trial. As all post-treatment hemorrhages occurred in patients
with Raymond III residual aneurysm filling the clear message is
that Raymond I and II occlusion patients are at very low risk of
delayed hemorrhage and efforts should be made to achieve this
level of occlusion. It is reasonable to speculate that the reason that
hemorrhages were seen only in the unruptured cohort is related
to the fact that Raymond III residuals were more frequently
accepted as the end result of the initial treatment and less aggres-
sively retreated at follow-up than was the case for patients who
had originally presented with subarachnoid hemorrhage. Of the
398 patients with unruptured aneurysms, 143 patients had core
lab adjudicated residual filling of their aneurysm sac (Raymond
III). Over 5 years, two hemorrhages occurred in this group of
patients versus none in the patients treated with Raymond I or
I occlusion (P=0.13). Assuming no additional hemorrhages
occurred in patients lost to follow-up, the annual re-hemorrhage
rate in the Raymond III patients is: 2/(143 x 5) X 100=0.28%
per year, only slightly better than the natural history.'® The find-
ings in MAPS are consistent with those of Ogilvy et al correlating
retreatment with the Raymond grade of occlusion as well as with
aneurysm size and rupture status among other factors."”

A legitimate concern is that the correlation between Raymond
score and TAR was much stronger for the core lab reported
Raymond score than for the self-reported Raymond occlusion
score. As in multiple other studies, the self-reported results of
angiographic occlusion in MAPS were more favorable than the
core lab adjudicated results.”® '’ Accordingly, using self-reported
results in daily clinical practice to estimate the risk of TAR for an
individual patient should be done with caution.

Timing of retreatments

Another useful finding of MAPS is that the majority of retreat-

ments occurred early in the follow-up period. This was similarly

noted in the BRAT trial (C McDougall, personal communica-
tion, 2020) There are several possible explanations for this:

» It may suggest that most aneurysms become stable once
Raymond I or II occlusion has been achieved;

» It may be that the operators believe they have achieved the
best degree of occlusion they could, and therefore do not
feel additional retreatment attempts will result in improved
occlusion; or

» It may be that some patients no longer return for additional
follow-up and retreatment.

This naturally begs the question as to what imaging follow-up
should be recommended. Several strategies could be considered
in light of the current findings. First, one may conclude that

as there are few patients being retreated after 3 years that all
patients should be followed with some form of imaging for this
length of time, but that beyond 3 years there are too few patients
requiring retreatment to justify imaging follow-up for all patients.
Alternatively, one may conclude that long-term follow-up is
only required for aneurysms with residual filling (Raymond III).
Again, since only patients with Raymond III residual aneurysm
filling re-bled, it would seem prudent to treat rather than follow
such patients if this can be done with acceptable risk. Finally,
one may conclude that long-term follow-up is justified for all
patients so that any patients who develop Raymond III filling
may be identified and retreated. Some longer-term studies, for
example Lecler et al, have suggested that particularly for aneu-
rysms larger than 10 mm, there is a significant risk of deteriora-
tion from Raymond rade II to Raymond grade III filling between
mid-term and 10-year follow-up with retreatment being required
even after 10 years in these patients.”’ More recently, clinically
inspired models of coiled aneurysms have confirmed that aneu-
rysm morphology, coil packing and post-coiling hemodynamics
affect long-term treatment outcome.”!

While the strength of this trial is the diligent prospective clin-
ical S-year follow-up in all available patients, the major limita-
tion is that long-term imaging was not mandated beyond the first
year, and in practice only 31.7% of the patients had follow-up
imaging in year 4 or 5.

CONCLUSIONS

After § years Matrix” coils were non-inferior to BMCs but no benefit
was demonstrated. Residual aneurysm filling (core lab adjudicated
Raymond III score) at the completion of the initial aneurysm treat-
ment is highly predictive of TAR (P<0.0001). Rupture of coiled
aneurysms was uncommon and was observed only in aneurysms
with continued residual filling of the aneurysm dome (Raymond III)
after treatment (P=0.008). This trial has demonstrated that angio-
graphic failure, defined as Raymond III residual aneurysm filling
after coiling, is highly correlated with clinical failure, defined as
TAR and with aneurysmal hemorrhage after treatment. The goal
of aneurysm coiling should be Raymond I or II occlusion. Patients
with Raymond III residual aneurysm filling should be followed
carefully and retreated when clinically appropriate.
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